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FOREWORD 


This  report  mi  prepared  by  the  Experimental  Chemistry  Group  of  the  Re¬ 
search  DepartaMnt  of  Bocketdyne.  Support  for  thia  research  effort  was 
obtained  from  the  Office  of  Naval  Research  under  Contract  Nonr-1818(00) . 
Supplementary  funds  were  provided  by  the  Advanced  Projects  Research 
Agency  under  ARPA  Order  No.  23-60,  Amend.  6.  This  report  covers  the 
period  16  March  i960  through  15  June  i960. 

The  responsible  scientist  for  this  vork  is  Dr.  Bail  A.  Lawton. 

Dr.  Valter  Maya,  John  Q.  Weber,  David  P.  Sheehan  and  Michael  Varner 
vex  full  time  associates  on  this  project  and  Richard  Wilson  half  time. 
The  analytical  aupport  and  infrared  interpretations  were  furnished  by 
E.  F.  C.  Cain. 


ABSTRACT 


The  aolid  oxidizer  reported  previously  has  been  identified  as  unsym- 
metrical  difluorourea,  FgNCONHg,  mp  41.0  to  41.5  C.  Tbe  evidence  for 
the  structure  of  the  compound  and  some  of  its  properties  are  described. 

The  results  of  more  fluorinations  are  described  and  additional  reactions 
of  difluoramine  are  reported.  The  heat  0^  dissociation  of  the  RbF'HNFg 
complex  has  been  determined  and  evidence  is  presented  that  CsF  forms 
more  than  one  complex. 

Difluoradiazine  and  dioxygen  difluoride,  OgFg,  were  found  not  to  react 
with  one  another  but  it  was  observed  that  electrical  excitation  of  nitrogen- 
fluorine  gas  mixtures  at  196  C  yielded  NF^  and  an  unstable  species  which 
has  not  yet  been  identified. 
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INTRODUCTION 


The  synthesis  of  high-performance  oxidisers  is  an  ultimate  goal  of  the 
research  in  this  program.  The  approach  utilised  has  been  the  study  of 
the  chemistry  of  compounds  containing  NF  and  OF  bonds  since  large  gains 
in  inpulse  over  that  achieved  vith  conventional  -  oxidisers  could  be  ob¬ 
tained  with  oxidisers  containing  these  goups. 

In  the  previous  report  (Ret.  1  ),  ve  reported  the  isolation  of  crude 
solid  products  from  the  urea  fluoridate  residues  containing  up  to  22 
percent  active  fluorine.  Ve  have  isolated  the  principal  constituent 
as  a  pure  compound  and  identified  it  as  difluoruorea.  In  addition,  the 
acid  properties  of  difluoramine  were  studied  further  through  its  reac¬ 
tions  vith  mild  bases,  such  as  the  alkali  metal  fluorides.  Additional 
fluorinations  are  reported  as  veil  as  sobm  of  the  results  obtained  vith 
dioxygen  di fluoride,  OgFg.  Reactions  initiated  by  electrical  discharge 
are  also  discussed. 
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DISCUSSION 

DIFLUOROUHEA 

The  separation  of  crude  aolid  products  fro*  the  reaidaea  obtained  on 
the  diatillation  of  flnorinated  area  liquids  ha a  already  been  reported 
(Bef.  If  2).  The  Boat  interesting  facet  vas  the  iaolation  of  aaall 
qoantitiea  of  fine  needlea  Halting  fro*  40.7  to  41.1  C.  The  aolid  vaa 
found  to  react  alovly  with  glaaa  and  *ercnry,  and  to  be  rather  hygro¬ 
scopic.  Larger  qoantitiea  vere  obtained  by  extraction  of  the  aolid 
reaidaea  vith  dichloroae thane,  evaporation  of  the  solvents  at  lov  te*- 
peratarea  and  lov  preaaarea  in  polyethylene  apparatus  and  than  aubliaing 
the  crude  residue  at  soaevhat  reduced  preaaarea.  The  highest  Belting 
range  observed  for  the  solid  vaa  41.0-41.5  C.  Fro*  elemental  analyses 
and  infrared  spectra,  the  compound  ha a  been  identified  aa  una-difluoroures, 
NFgCON^. 

The  infrared  spectra  of  difluoroures  vere  obtained  both  aa  a  solution 
in  dichlorone thane  (Fig.  1  )  and  aa  a  aineral  oil  null  (Fig.  2  ).  The 
detaila  of  the  spectra  are  described  in  Table  1. 

Both  spectra  vere  obtained  on  a  Beckman  IR-7  spectrophotometer ;  the 
solution  spectra*  vas  run  vith  a  solvent  reference.  The  evidence  is 
as  follovs: 

1.  NH  Stretching  Modes 

Medium  intensity  absorptions  in  dilute  solution  at  3520  and 
3420  cm-1  correspo^  to  the  free  NH  stretch  frequency  of  a 
primary  amide,  -N'  . 
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Figure  2.  Infrared  Spectrum  of  Difluorourea  in  a  Mineral  Oil  Mull 
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TABU  1 

INinABD  SHBCTBDM  OP  INSDMSTRICAL  D1FLOOBOQBEA 


Dilate  Sol'n 

Solid  State 

Intensity 

leeigwant 

or1 

or1 

(Nojol  Mall) 

free) 

bonded) 

3520 

3*25 

■ 

■ 

N-B  etreteh 
N-H  etreteh 

3420 

■ 

N-H  etreteh 

free) 

3320 

■ 

N-H  etreteh 

bonded) 

3200 

3200 

V 

— 

29*0 

— 

V 

— 

1803 

1790 

■ 

Amide  I 

1592 

1613 

■ 

Amide  II 

13*5 

13*3 

■ 

— 

1115 

1118 

V 

— 

1018 

1020 

■ 

— 

925 

925 

■ 

N-F  (tentative) 

892 

— 

\r 

— 

836 

836 

\r 

— 
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In  the  solid  state  these  absorptions  are  shifted  to  lower 
frequencies,  3485  and  3380  cn-1  respectively,  which  would 
be  expeoted  das  to  the  association  of  a  priaary  aside . 

8.  00  Absorption  (Aside  I)  Band 

In  dilate  solation,  a  strong  band  at  1803  an-1  corresponding 
to  a  carbonyl  absorption  with  a  strong  electronegative  group 
in  the  Ct  position.  (The  carbonyl  stretoh  of  CH^C—  NF^  has 
been  reported  at  ca.  1803  cm  *.)  (Ref.  3  )  In  the  solid 
state,  this  absorption  shifts  to  a  lower  frequency,  1790  as-1. 
The  direotion  of  the  shift  is  as  expeoted. 

3.  NHg  Defomation  (Aside  II)  Band 

In  dilute  eolation,  a  strong  band  at  1598  ca-1  corresponding 
to  the  Aside  II  absorption  of  a  priaary  aside.  In  the  solid 
state,  this  absorption  is  shifted  to  a  higher  frequency, 

1613  ca-1.  The  direotion  of  the  shift  is  as  expected. 

4.  The  absorptions  at  1803  ca-*  and  1598  ca  ^  in  the  dilute  solu¬ 
tion  of  the  notarial  are  shifted  in  the  spectrun  of  the  solid. 
These  shifts  confira  the  assignaent  of  the  Aaide  I  end  Aaide  II 
Bands  of  a  priaary  aaide  to  these  absorptions.  (Ref.  4  ) 

5.  NFg  Grouping 

The  large  frequency  shift  of  the  Aside  I  Band  froa  s  noainsl 
1690  ca”*  in  dilute  solution  to  1803  ca-*  indicates  the  pre¬ 
sence  of  a  strong  electronegative  group  attached  to  the  car¬ 
bonyl  oarbon  atoa.  A  strong  absorption  at  985  ca-1  has  been 
assigned  to  the  N-F  stretch  frequenoy  and  is  conpatible  with 
the  reaainder  of  the  spectrun. 
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6.  On  the  basis  of  the  infrared  epectrus,  the  solid  saterial  nay 
bo  reprosontod  by  Stroetnro  I.  Structure  II  is  not  co^atiblo 
vith  tbs  infrared  epectrua. 


H  F 


H  H 


I 

Pr inary  Aside 


II 

Secondary  Aside 


The  infrared  structure  vaa  confined  by  wet  chesical  techniques. 
Analyaws  were  carried  out  to  deternine  active  fluorine  and  total 
fluorine.  By  nodif ication  of  the  Kjeldahl  nitrogen  technique  it 
was  possible  to  differentiate  between  the  N-H^  structure  and  the 
N-Fg  structure.  The  reaulte  of  these  analyaee  are  shown  in 
Table  2. 


TABLE  2 

SUMMARY  OF  WET  CHEMICAL  ANALYSES 


Sought 

Calc. 

Found 

Active  Fluorine 

39.6 

38. 

Total  Fluorine 

0 

39.6 

38.6 

Total  Nitrogen 

29.2 

29.3 

Aaino  Nitrogen  (NHg) 

14.6 

14.6 
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The  spectrum  of  •  Maple  of  Moderate  parity  fare  principally  peaka 
for  HNFg,  HNCO  and  soae  diflaorodiasine.  The  command  is  very  soluble 
in  water,  and  soluble  in  dichloroaethane  and  tetrabydrof ursn .  Cautir : 
in  handling  is  required  since  it  is  a  vesicant  and  laohryaator.  Difluoro- 
urea  is  stable  to  at  least  50  C  but  it  can  be  detonated  by  best. 


FLUORINATION  OF  NITROGEN  COMPOUNDS 

Work  has  continued  on  the  fluorination  of  urea  with  two  objectives  in 
aind;  first,  to  supply  difluoraaine  and  diflurourea  for  other  chemical 
syntheses,  and  second,  to  obtain  a  better  understanding  of  the  fluorina¬ 
tion  itself.  In  view  of  the  relatively  drastic  conditions  of  direct 
fluorination  it  is  not  surprising  that  the  percent  of  both  active  fluorine 
and  total  fluorine  content  vary  considerably  from  one  fluorination  to 
another.  Ezaaination  of  the  data  coapiled  froa  all  previous  fluorins- 
tions  and  distillations  indicated  that  Mechanical  difficulties  such  as 
plugging,  channeling  of  the  fluorine-nitrogen  Mixture  through  the  solid, 
and  caking  up  of  the  partially  fluorinated  product,  caused  soae  of  the 
variability  observed.  These  difficulties  Might  cause  incoaplete  fluori¬ 
nation  or  bring  about  local  hot  spots  which  alter  the  products  obtained 
even  though  equivalent  or  sli^itly  excess  aaounts  of  fluorine  are  used 
in  all  fluorinations. 

The  variability  £n  the  aaount  of  difluoraaine  obtained  by  vacuum  dis¬ 
tillation,  even  froa  quite  similar  liquids,  tends  to  suggest  that  either 
these  saaples  are  in  different  stages  of  fluorination,  or  that  there  is 
an  intermediate  compound  which  subsequently  decomposes  to  different 
degrees  depending  on  the  conditions  of  the  reaction  and  subsequent 
handling  of  the  liquid  product.  An  argument  for  the  latter  is  sup¬ 
ported  by  the  fact  that  since,  in  addition  to  dif luoramine ,  difluoro- 
urea  has  been  isolated  from  the  fluorinated  liquid,  other  forms  such 
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the  nonofluoro  and  trlflooro  area  any  well  eziat  In  the  liquid,  bat 
hare  not  yet  been  identified.  It  ie  reasonable  to  postulate  the  reaction 
of  diflaoroarea  go inf  to  dlflnoroaaine  and  isocyanle  acid. 

0 

u  r 

p-  "  >. H  - ►  p,N-H  +  0  -  C  -  N-H 


A  alailar  reaction  when  applied  to  aono-  or  triflaoronrea  night  yield 
as  yet  unobserved  products  sach  as  H^NF.  While  it  has  not  been  estab¬ 
lished  quantitatively,  there  has  been  indication  that  the  fluorinated 
liquid  which  gives  the  greatest  yield  of  difluoranine  yields  the  least 
difluorourea  and  vice  versa.  It  aay  well  be  possible  to  Mxiaise  either 
yield,  or  to  optiaise  the  yield  of  both  by  suitable  nodificationa  of 
conditions  and  apparatus. 

Two  exploratory  direct  fluorinations  of  cyanoguanidine  were  aade  with 
the  view  that  perhaps  cyanodiflooraaine  would  be  one  of  the  products 
as  well  as  difluoranine  itself.  The  products  were  solids  with  no  oxi¬ 
dizing  power,  and  a  nixture  of  gases.  This  aixture  was  shown  by  infrared 
analysis  to  be  nainly  CF4,  CF^NFg,  HNFg,  FCN  (R*f.  5,  6),  and  saaller 
anounts  of  (CF-^gNF,  (CF^,  NgFg,  N^F^,  and  SiF^.  There  were  sons 
unidentified  peaks  but  these  were  not  in  the  N-F  band  region.  These 
results  agree  well  with  those  of  Minnesota  Mining  and  Manufacturing  Co. 
(Ref.  7  ) 

CHEMISTRY  OF  DIFLUORAMINE 

The  acid  character  of  difluoranine  has  been  previously  reported  by 
Rocketdyne  and  others.  The  reactions  of  difluoramlne  with  potassium 
fluoride  and  with  trine thylamine  have  been  reported  recently  (Ref.  1  ). 
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The  formation  of  a  mk  ooapound  of  KF  vith  difluoraaine  was  demonstrated, 
and  wo  aro  reporting  oar  rooalta  with  othor  aotal  flooridoa  as  woll  aa 
other  bases. 


PiflnoreMif.e^ikali  Mstal  Flnorides* 

The  low  temperature  reaotion  of  KF  with  HNFg  resalts  in  the  forastion 
of  an  adduct  with  a  heat  of  dissociation  of  6.7  Kcal^aole.  Rnbidina 
fluoride  is.  a  stronger  base  and,  as  expeoted,  fores  a  no  re  stable  con- 
pound.  From  the  plot  of  the  dissociation  pressure  Torsos  the  reciprocal 
of  temperature,  the  following  expression  was  obtained  for  the  adduct  with 
RbF. 


lo*10  .  "  ~gl66  +  l°-338 

T 

Frost  the  slope  of  the  straight  line  represented  by  the  above  equation, 
the  heat  of  dissociation  for  the  reaction  was  calculated  to  be  9.9 
Kcal /aole 


KbF'BfFg  (s)  -  RbF  (s)  +  HNFg  (g) 

A  siailtr  study  of  difluoraaine  over  CsF  was  conducted.  A  complex  was 
foraed;  however,  its  behavior  was  different  froa  the  other  coaplexes 
discussed  above.  The  vapor  pressure  of  the  coaplex  was  aeasured  as 
1.2  ass  at  -64.8  C.  This  pressure  is  higher  by  0.8  an  for  that  of  RbF 
complex  at  the  sane  temperature.  This  was  surprising  since  CsF  is  a 
stronger  base  than  RbF  and  it  would  be  expected  that  difluoramine  vould 
be  more  tightly  bound  to  CsF  than  to  RbF.  However,  it  was  found  that 


*Work  on  difluoranine-alkali  fluorides  was  supported  in  part  by  the 
Air  Force  under  Contract  AF  33(616) -6768. 
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approximately  50  percent  of  the  HNFg  introdaced  over  the  C*F  could  be 
ptaqped  off  at  -65  C,  after  which  the  preaauro  exhibited  by  the  solid 
complex  vaa  essentially  aero.  A  tentative  explanation  for  the  anoMlous 
behavior  involves  a  conplex  equilibrium: 

1.  CsF*e9NF2(s)  -  CsF*BNF2(s)  +  HNFg(g) 

2.  CsF(s)  +  HNFg(g)  -  CaF*HNFg(s) 

The  formation  of  a  higher  conplex  such  as  the  2:1  complex  in  1.  might 
account  for  the  higher  dissociation  pressure  initially  observed.  How¬ 
ever,  the  reaction  shown  in  2.  once  equilibrium  in  1.  has  been  estab¬ 
lished,  might  be  slow  due  to  the  limited  surface  area  of  the  CsF.  After 
the  loosely  bound  Bffg  was  pimped  off,  (Eq.  1,)  the  remaining  conplex  is 
tightly  bound  at  ^5  C. 

No  dissociation  pressures  were  measured  for  CsF'HNF^  because  of  the 
explosive  nature  of  the  complex.  In  every  experiment,  a  sharp  detona¬ 
tion  occurred  upon  warning  the  conplex  to  about  0  C. 

Fluorides  other  than  those  of  the  alkali  netals  were  used  in  an  attenpt 
to  convert  HNFg  to  NgFg.  No  effect  was  noted  when  HNFg  was  contacted 
with  CaFg  and  NiFg  at  anbient  temperature. 


Reaction  of  Difluoranine  with  Tetrsmethylanmoniun  Hydroxide 

The  possible  interaction  of  a  strong  anine  base,  trine thylanine  with 
HNFg  to  form  the  NF~  ion  was  examined.  The  results  were  not  reprodu¬ 
cible.  A  strong  base  with  a  large  cation,  tetramethylamnonium  hydroxide, 
was  tried  next. 
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The  te  trams  thylamaonium  hydroxide  woo  obtained  as  a  10  percent  aqueous 
solution,  and  mourns  emporation  at  roon  temperature  yielded  white 
hydrated  crystals  haring  iron  4  to  5  noles  of  water  of  hydration. 
Warning  to  65  C  with  pumping  gam  the  anhydrous  base.  Neither  the 
hydrated  nor  anhydrous  base  was  found  to  be  soluble  in  d inethyl  ether, 
or  tetrahydrofuran;  however  both  were  quite  soluble  in  nethanol. 

Although  residues  ranging  fron  white  solids  to  yellow  liquids  were  ob¬ 
tained,  only  a  few  showed  any  oxidising  power  and  theae  were  not  repro¬ 
ducible.  Three  reactions  resulted  in  sharp  detonations,  each  occurring 
just  after  condensing  the  difluoranine  into  the  reactor  at  -142  C  and 
bringing  it  up  to  -80  C.  A  probable  cause  of  these  explosions  is  that 
the  difluoranine  did  not  vaporise  before  it  ran  down  the  walls  of  the 
reactor.  The  liquid,  on  contacting  the  base,  reacted  exotbemically, 
thereby  detonating  the  difluoranine. 


0  F  COMPOUNDS 

New  conpounda  containing  the  OF  noiety  are  of  great  interest  ss 
oxidizers.  To  this  end,  the  reaction  of  0gFg  with  NgFg  was  invest¬ 
igated  in  the  hope  of  obtaining  a  new  oxidizer  according  to  the 
following  equation: 

0„F„  +  IN  =  NF - awF-N-N-F 

22  6f  6f 

To  test  the  possibility  of  OgFg  adding  to  the  double  bond  of  NgFg,  the 
two  compounds  were  mixed  in  s  cold  trap.  The  contact  time  and  tempera¬ 
ture  were  varied  from  simple  warming  from  -196  C  to  room  temperature  to 
allowing  a  contact  time  of  30  minutes  at  -95  C.  Higher  temperatures  were 
not  used  due  to  the  well-known  instability  of  OgFg.  No  il,d*ca'fcionB  werc 
found  that  any  reaction  took  place  between  the  two  compounds. 
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Other  evidence  in  the  literature  points  to  the  reluctance  of  0gF  in 
yielding  OP  radicals.  The  reaction  of  OgFg  with  NgF4  (Ref.  8  )  did 
not  yield  any  OF  species,  nor  did  0  F  compounds  result  fro*  the  re¬ 
action  with  tetrafluoroethylene  and  3-chloroperfluoropropene  (Ref.  9  ). 
On  the  other  hand,  NgF4  did  not  add  to  the  double  bond  of  difluoro- 
diazine  (Ref.  10  ),  indicating  that  the  double  bond  ia  an  unreactive  one. 
It  thus  seems  that  the  reaction  is  energetically  unfavored,  and  that  some 
source  of  energy  must  be  provided  to  induce  the  desired  path.  This  will 
be  attempted  by  having  the  reactants  excited  by  an  electric  discharge  in 
a  cell  cooled  to  an  appropriate  temperature,  where  0gFg  and  N  F  have  a 
vapor  pressure  of  a  few  millimeters.  8  8 

ELECTRIC  DISCHARGE  REACTIONS 


Difluorodiazine  was  exposed  to  a  glow  discharge  at  -I56  C  to  test  its 
stability  under  these  conditions,  and  also  to  determine  if  any  conden¬ 
sation  product  of  new  binary  NF  compounds  would  result.  The  only 

products  found  were  unre.cted  NgFg,  noncondensable  gas,  SiF  and  nitrogen 
oxides. 


During  the  course  of  preparing  OgFg,  a  mixture  of  gases  was  employed 
that  contained  oxygen,  fluorine  and  some  nitrogen.  Nitrogen  trifluo¬ 
ride  was  found  among  the  products.  It  seemed  quite  possible  that  the 
NF^  had  been  produced  from  nitrogen  and  fluorine  in  the  discharge  at 
-196  C.  Previous  findings  show  that  at  higher  temperatures  NF  de¬ 
composes  in  an  electric  discharge  back  to  the  elements  (Ref.  11  )  with 
small  amounts  of  NgF4  and  NgFg  also  forming.  A  report  also  exists  on 
the  formation  of  NF^  from  the  electric  discharge  reaction  of  0  F,  N 
and  0g  mixtures  (Ref.  12).  There  are,  however,  several  reports  in  the 
literature  that  fluorine  and  nitrogen  do  not  combine  under  these 
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conditions.  The  first  vas  by  0.  Raff  (Ref.  13)  end  sore  recent  reports 
in  the  classified  literature  bad  apparently  confined  thia.  (Ref.  12,14) 

In  u  test  experiaent,  a  Mixture  containing  73  percent  fluorine  and  23 
percent  nitrogen  vas  subjected  to  a  glow  discharge  at  -196  C.  A  15 
percent  yield  of  nitrogen  trifluoride  vas  obtained.  No  effort  vas  Bade 
to  aaxiaise  the  yield,  so  that  13  percent  is  not  necessarily  the  beat 
obtainable.  An  unstable  species  vas  also  foraed,  and  is  under  inveatiga- 
ton.  As  alvays,  SiF^  and  nitrogen  oxides  vere  foraed,  resulting  froa  the 
attack  on  glass  by  the  aixture  daring  discharge.  This  is  the  first  tine, 
to  our  lmovledge,  that  eleaental  nitrogen  and  fluorine  have  been  coabined. 
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EXPERIMENTAL  SECTION 


ISOLATION  AND  PURIFICATION  OP  una-DIFLUOROUREA 


After  difluoramine  had  been  distilled  from  the  flaorinated  urea  liquid, 
about  5  *1  of  the  liquid  residue  were  placed  in  a  polyethylene  bottle 
and  extracted  three  times  with  20  ml  portions  of  dichloromethane.  The 
dichloromethane  solutions  were  decanted  from  the  residue,  coabined,  and 
placed  in  a  wide  aouth  polyethylene  evaporating  dish.  The  solution  was 
then  evaporated  to  dryneas  under  gradually  reduced  pressure  in  a  vacuum 
desiccator.  The  conventional  desiccator  cover  used  during  evaporation 
was  replaced  with  a  four-hole  desiccator  cover,  housing  the  sublimation 
apparatus.  To  provide  a  cold  surface  for  the  sublimation,  a  round  bot¬ 
tom  flask  coated  with  polyethylene  waa  mounted  in  the  center  hole  of  the 
cover.  The  flaak  completely  covered  the  mouth  of  the  evaporating  dish 
and  waa  attached  to  it  securely.  Ice  water  was  circulated  through  the 
flaak.  The  bottom  of  the  sample  dish  was  warmed  by  a  spiral  of  copper 
tubing  through  which  water  at  about  50  C  was  circulated.  The  warm  water 
connections  were  passed  through  an  air  tight  seal  in  the  desiccator  cover. 
The  two  remaining  holes  in  the  cover  were  fitted  with  stopcocks  for  cir¬ 
culating  dry  nitrogen  through  the  desiccator.  After  about  two  hours  of 
operation,  the  apparatus  was  disassembled  in  a  dry  box  and  the  sublimed 
material  transferred  to  a  polyethylene  vial  for  storage.  Occasional 
difficulties  were  observed  in  the  sublimation  due  to  the  presence  of 
water. 

Other  samples  were  obtained  from  the  -80  C  trap  where  rings  of  compara¬ 
tively  pure  compound  were  formed  on  the  warm  arm  of  the  trap.  These 
samples  vere  also  purified  by  sublimation. 
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*n«lT»li  of  Difluoroureg 

The  Kjehldahl  analyses  were  conducted  in  two  ways.  Adding  the  difluorourea 
directly  to  concentrated  aulfuric  acid  reeulted  in  quantitative  release  of 
the  NFg  group  presumably  aa  difluoranine.  Subaequent  analyses  gave  the 
amino  nitrogen  quantitatively.  Prior  addition  of  hydriodic  acid  before 
treatment  with  concentrated  aulfuric  acid  yielded  the  total  nitrogen. 


The  analytical  Methods  for  active  and  hydrolyaable  fluorine  have  already 
been  described.  (Ref.  15)  • 


Fluorination  of  Urea 

Flnorinations  38  through  42  were  carried  out  during  this  quarter  and  are 
susmarized  in  Table  3.  Ron*  No.  39  and  42  both  ran  smoothly  to  completion 
with  all  the  urea  being  reacted.  Ron  No.  38  was  aborted  early  due  to  out- 
aide  interference,  and  approximately  15  g»  of  unreacted  urea  was  recovered 
from  the  reactor,  which  had  no  appreciable  oxidizing  power.  Run  No.  40 
burned  out  due  to  a  corroded  needle  valve  in  the  fluorine  line  which  allowed 
too  great  a  F2:N2  ratio.  Run  No.  41  proceeded  amoothly  except  that  some  of 
the  urea  sifted  through  the  porous  plate  to  the  bottom  of  the  reaotor  and 
did  not  become  fluorinated.  In  Run  No.  40  a  -156  C  cold  trap  was  placed 
down  stream  of  the  reactor  and  analysis  of  the  gas  condensed  in  this  trap 
during  the  fluorination  showed  COg  and  SiF4  as  the  main  products  with  smaller 

amounts  of  CF^  and  COFg. 

The  distillations  of  the  fluorinated  urea  liquids  (Table  3)  to  prepare 
difluoramine  were  carried  out  at  room  temperature  and  at  a  pressure  of  less 
than  2mn  of  Hg.  Distillation  times  shown  are  total  times  on  each  aliquot. 

The  age  of  the  liquid  is  determined  from  the  date  of  fluorination  to  the 
date  of  distillation.  In  all  cases,  large  quantities  of  COg  and  SiF4  were 

obtained. 
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FLUOBDUTION  MTA 


Bun  No. 

Urea, 

Liquid 

Act  F 

Tot  F 

F_ 

*■ 

C* 

i 

* 

2 

f* 

2  2 

35 

60 

68.7 

12.2 

27 

36.1 

1:4 

36 

30 

41.4 

14.7 

43.1 

26.6 

1:4.7 

37 

90 

136.1 

18.6 

NOT  KNOWN 

38 

30 

19.8 

16.6 

38.1 

20.5 

1:7 

39* 

90 

141 

17.3 

43.* 

110.6 

1:4 

40 

Burned 

out  due  to 

corroded  valve 

41 

90 

70 

7.0Jt 

35.9 

1:4 

42 

60 

80.6 

is* 

38 

1:3.5 

*  Fluorinated  Ureaa  Liquid  No.  39  vaa  divided  into  two 
parte  and  ie  designated  39-1  and  39-2 
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TABUS  3 


PBXPABATIONS  OP  DI7L0QBAMINE 


f2-n2 

F2 

Diat. 

Liquid 

Diat 

■ola/hr 

Aliquot 

Tiao 

hr 

1:4 

0.19 

C 

9.8 

3.0 

1:4.7 

0.14 

B 

5.3 

3.0 

C 

5.3 

4.0 

D 

10.1 

4.0 

I 

9.1 

4.0 

P 

11.2 

4.0 

KNOWN 

J 

15.0 

4.0 

K 

16.6 

3.0 

1:7 

0.16 

A 

16.7 

4.0 

1:4 

0.52 

39-2-A 

6.1 

4.0 

B 

12.0 

4.0 

C 

11.7 

3.0 

D 

10.7 

4.0 

E 

10.4 

4.0 

39-1-A 

9.5 

3.0 

B 

10.3 

3.0 

1:4 

0.27 

1:3.5 

0.25 

into  two 


DISTILLATION  DATA 


Liq.  Afe 

HNF  BNP 

BJP_ 

Daya 

„2  2 

CC  4 

%  Atl  V 

2 

^  Am  1.1 I  V 

%  on  Pg  f  on  AoT  P 


218 

28 

1.8 

4.0 

98 

170 

12.6 

37.1 

100 

197 

14.6 

42.9 

104 

370 

14.4 

42.2 

107 

285 

12.3 

36.2 

118 

323 

11.3 

33.3 

64 

65 

140 

160 

8.5 

8.8 

47 

34 

0.9 

2.1 

10 

52 

3.3 

8.3 

38 

113 

3.7 

9.2 

43 

107 

3.6 

9.0 

44 

92 

3.4 

8.4 

*5 

85 

3.2 

8.0 

64 

93 

3.8 

9.6 

67 

82 

3.1 

7.8 
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FLUORINATION  OF  OTHER  SOLID  NITROGW  COMPOUNDS 

These  fluorinations  were  run  in  the  iim  reactor  and  utilised  the  sane 
conditions  as  with  ares. 

Flaorination  of  Cyanoguanidine 
Test  No.  1 

Cyanoguanidine  ■  8.4  g.  (.1  sole) 

Fluorine  ■  3.8  g.  (.1  sole) 

Fluorine  flowrate  »  0.1  aole^hr 

Flaorination  tine  «  1  hr 

Fluorine: Nitrogen  ratio  ■  1:10 

A  -136  C  trap  was  used  downstrean  of  the  reactor  to  capture  gaseous 
products  passing  through  the  resctor.  The  cyanoguanidine  did  not  yield 
a  liquid  when  fluorinated  but  rather  a  snail  amount  of  red  solid  which 
displayed  no  oxidizing  power.  The  gaseous  products  from  the  trap  were 
examined  by  infrared  analyses  and  found  to  contain  CF^,  HNFg,  CF^NF^  and 
email  amounts  of  SiF^,  NgFg,  NgF^  and  NF^. 

Fluorination  of  Cyanoguanidine 
Test  No.  2 

Cyanoguanidine  = 

Fluorine  = 

Fluorine  flowrate  ■ 

Fluorination  time  = 

Fluorine  :Nitrogen  ratio  = 


42  g, (.5  moles) 
19  g.  (.5  moles) 
0.1  mole /hr 
3  hrs 
1:8 
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In  this  run,  nost  of  the  cyanoguanid ins  vas  found  as  i  large  brick-red 
clinker  in  the  reactor  but  no  liquid  vas  foned.  The  gaseous  products 
vere  again  trapped  at  -152  C  and  examined  by  infrared  analyses.  The 
gaseous  products  identifisd  were  FCN,  HKPg,  CPjNPg,  (CFjJ^F,  (CEjJgNH 
and  SiP^.  There  vere  a  fev  unidentified  bands  but  these  vere  not  in  the 
N-F  region. 
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Dissociation  Pressure  of  Difluoramine  Over  Rubidium  Fluoride 

The  system  end  techniques  used  to  perform  the  aeasureaents  on  the 
RbF-HNPg  system  wa  the  sum  as  described  in  the  previous  report.  The 
results  of  the  aeasureaents  are  given  in  Table  4  .  Higher  teaperatures 
were  not  used  to  prevent  the  foraation  of  difluorodiazine. 


TABLE  4 

VAPOR  PRESSURE  OF  HNFg  OVER  RbF 


Teap. , 
C 


Pressure  (obs.) 


-81.6 

-72.0 

-65.0 

-57.8 

-45.8 

-31.6 


0.0 

0.0 

0.8 

1.9 

6.5 

23.5 


Pressure  (calc.) 


0.86 

1.9 

6.5 

23.6 


Difluoramine  and  Tetramethvlaianoniun  Hydroxide 

The  general  procedure  in  reacting  difluoramine  with  tetramethylammonium 
hydroxide  follows.  The  solid  base  was  dissolved  in  the  solvent  and  then 
the  difluoramine  was  condensed  in  the  reactor  at  -142  C.  Most  runs  were 
allowed  to  equilibrate  at  -80  C  for  one  hour  before  vacuum  distillation. 
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MgAoeUtion  Prepare  of  Difluoramine  Over  Rubidium  Fluoride 


The  system  and  techniques  used  to  perform  the  measurements  on  the 
RbF-HJFg  system  wan  the  same  as  described  in  the  previous  report.  The 
results  of  the  measurements  are  given  in  Table  4  .  Higher  temperatures 
were  not  used  to  prevent  the  formation  of  difluorodiazine. 

TABLE  4 

VAPOR  PRESSURE  OF  HJF_ 

2 

OVER  RbF 

Temp., 

C 

Pressure  (obs.) 

Pressure  (calc.) 

-81.6 

0.0 

-72.0 

0.0 

— 

-65.0 

0.8 

0.86 

-57.8 

1.9 

1.9 

-45.8 

6.5 

6.5 

-31.6 

23.5 

23.6 

Difluoramine  and  Te tram* thylomnoni urn  Hydroxide 

The  general  procedure  in  reacting  difluoramine  with  tetramethylammonium 
hydroxide  follows.  The  solid  base  was  dissolved  in  the  solvent  and  then 
the  difluoramine  was  condensed  in  the  reactor  at  -142  C.  Most  runs  were 
allowed  to  equilibrate  at  -80  C  for  one  hour  before  vacuum  distillation. 


1 


l 
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The  nanal  gaseous  products  of  diatillation  were  diflnoraaine  and  tracea  of 
the  solvent.  The  reaidnea  ranged  froa  white  or  yellow  aolida  to  yellow 
liquids  with  little  oxidizing  power  except  for  Run  No.  6.  Thio  run  waa 
not  evaporated  before  testing  for  active  fluorine.  Even  ao,  all  the  active 
fluorine  waa  not  accounted  for;  only  70  percent  of  theory  waa  found  by  HI 
addition  to  the  eolution  at  -80  C. 

Table  5  ahowa  the  aaount  of  difluoraaine  recovered  by  diatillation  and  the 
percent  accounted  for  in  both  the  gaseous  and  aolid  producto.  Little  non- 
condenaible  gaa  waa  found  in  Boat  caaea  and  in  Run  No.  18  aay  have  been 
due  to  a  leak.  In  Run  No.  12,  the  noncondenaible  gaa  aay  have  com  from 
the  producta  of  coabuation  aa  a  flaah  took  place  in  the  reactor  on  waning 
from  -80  C  to  rooa  teaperature.  Rune  No.  14,  15  and  16  all  exploded  on 
changing  batha  on  the  reactora  froa  -142  to  -80  C. 


Dioxygen  Difluoride  (O-P.)  and  Difluorodiazine 


The  apparatua  and  procedure  for  the  synthesis  of  0^  was  described  in 
the  last  report  (Ref.  l). 


The  procedure  generally  consisted  in  transferring  an  excess  of  0  F  from 
the  reactor  onto  a  trap  cooled  at  -196  C,  and  condensing  NgFg  into  the 
same  trap.  The  temperature  of  the  trap  and  contact  time  was  varied  from 
experiment  to  experiment.  The  trap  was  designed  so  that  it  was  almost 
completely  immersed  in  the  slush  bath,  in  order  to  minimize  decomposition 
of  the  OgFg  vapor.  This  proved  successful,  and  0^  could  be  kept  this 
way  for  over  30  min  at  -95  C, 
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TABLE 


REACTION  OP  HNFg  i 


Run 

No. 

(CHj)4N0H 

*■ 

For* 

Solvent 

Anonnt  BJF  in 

cc  tJTP 

HNF_  oat. 
cc  TJTP 

1 

.1975 

byd 

(c RjJgO 

86.4  cc  14.5 

■ixHNPg, 

(CBj)gO 

2 

.240 

hyd 

(cHj)20  (■Ixtnro  from  #l) 

mix  HNFg, 

(CHj)gO 

3 

.1250 

hyd 

aqaeoas 

10.1 

9.3' 

4 

.0233 

hyd 

CRjOH 

1  *1  10.8 

mix  BJFg, 
CHjOA 

5 

.125 

hyd 

aqaeoaa 

21.6 

23.6  HNFg 
trace  CH^OH 

6 

.0190 

an  byd 

CHjQH 

1  »1  10.6 

none 

7 

.0056 

anhyd 

CHjOH 

1  ml  10.2 

trace 

8 

.0676 

hyd 

none 

8.6 

4.8 

9 

.1262 

hyd 

none 

26.4 

12.1 

10 

.2785 

hyd 

none 

25.1 

8.8 

11 

.1768 

hyd 

none 

20.8 

? 

TABLE  5 
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REACTION  OP  HNFg  AND  (Cttj)^  NOH 


HNF.  out, 
cc  *STP 

Percent  NF_ 

N.C.G. 

Accounted  for 

cc  STP 

nix  HNFg, 

0 

none 

mix  HNFg, 
(C^JgO 

0 

2.5 

9.3  ‘ 

0 

trace 

■i*  »f2. 

CHjOA 

0 

none 

23.6  HNFg 
trace  CttjOH 

0 

none 

none 

70 

30 

trace 

0 

2 

4.8 

27 

1 

12.1 

0 

a  few 

8.8 

0 

4 

? 

3.4 

15.7 

Remarks 

(CHj)^  NOH  insoluble  In  (CHj)gO,  turned  yellow 
The  iim  In  Run  No.  1 

Crystals  form  when  liquid  evap.  under  vacua 
Residue  left  on  evap.  under  vaouua 

Vacuus  evap.  produced  residue 

Not  evap. ,  solution  tested 

Evap.  under  vacuus  left  white  filn 

A  liquid  formed  on  vanning  to  room  temperature 

Yellov  liquid  at  room  temperature 

Warmed  to  50  C,  the  liquid  vent  to  paste 

On  varming  there  vas  a  flash  in  the  reactor 

Contaminated  vith  (CH^)gO,  not  run 
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Bon 

No. 

(CH^NOH 

*■ 

Fora 

Solvoirt 

13 

.0657 

byd 

none 

14 

.2982 

byd 

none 

15 

1.1169 

anhyd 

none 

16 

.4319 

anhyd 

THF 

17 

18 

.1410 

anhyd 

CHjOH 

19 

.2678 

anhyd 

CEjOH 

Aao  ant 

HNFg  in 
oo  STP 

HNFg  oat 
co  STP 

26.2 

14.8 

37.8 

23.0 

2  ml 

28.0 

3  *1 

30.5  in 

1  ml  CHjOH 

none 

3  ml 

31.9  in 

1  ml  CH^OH 

none 
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r2  in  HJPg  out,  Percent  NFg  N.C.G. 

STP  cc  STP  Aooounted  for  oe  STP  Reaarks 


16,2  14.8 


0 


The  ease  liquid  ee  No.  8 


|7.8 


Explosion  ocoured  during  versing  from 
-142  C  to  -80  C 


p.o 


Saae 


p.o 


Saae  except  that  the  solid  vas  not  soluble, 
turned  yellow 


0.5  in  none 

1  CEjOH 

1.9  in  none 

1  CttjOH 


11 


16 


Not  run,  daaaged  by  explosion  of  No.  16 
30  Most  of  the  CH^OH  r amoved  before  titration 

a  few  A  white  solid  observed  at  -80  C  but  absent 

at  room  temperature,  probably  C0g 
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Reactions  were  tried  where  the  two  compounds  were  waned  iron  -196  C  to 
room  temperature,  reacted  at  - 95  C  for  5  ain  and  30  ain,  and  at  -142  C 
for  13  aio.  In  the  latter  case,  the  NgFg  waa  quantitatively  recovered. 

Among  the  products  were  found  unreacted  NgFg,  noncondensibles  froa  the 
decomposition  of  OgFg,  and  SiF^.  Soae  unidentified  fluorocarbons,  aa 
well  i  CF^  and  COFg  were  frequently  encountered,  due  to  the  action  of 
fluorine  on  the  stopcock  grease. 

Difluorodiazine  Under  Electric  Discharge 

Difluorodiazine  (l2.5cc)  was  adaitted  into  the  glow  discharge  cell  at 
-136  C.  The  vapor  pressure  of  NgFg  at  this  teaperature  is  8  as.  The 
pressure  in  the  systea  quickly  rose,  once,  the  discharge  war  initiated. 

The  experinexrt  was  interrupted,  once  the  pressure  had  increased  to  a 
point  where  a  discharge  could  no  longer  be  asintained,  and  9.1  cc  of 
inpure  NgFg  was  recovered  froa  the  noncondensible  gases  foraed.  Infra¬ 
red  examination  showed  the  impurities  to  be  NgO,  COFg,  SiF^  and  fluorocarbons. 


Synthesis  of  Nitrogen  Trifluoride 

A  mixture  of  nitrogen  (10.3  cc)  and  fluorine  (34  cc)  was  submitted  to  an 
electric  discharge  (10-13  ma),  3000  volts,  at  -196  C.  The  pressure  in 
the  reactor  was  maintained  between  10  to  17  mm  by  adding  gas  to  the  system 
as  it  was  consumed.  After  29  cc  of  the  mixture  had  been  reacted,  the  dis¬ 
charge  cell  was  allowed  to  warm  up  with  pumping,  the  gases  passing  through 
a  -196  C  and  -210  C  (solid  nitrogen)  trap. 

The  -210  C  trap  afforded  NF^  (3.2  cc),  contaminated  with  a  trace  of  CF^. 
The  -196  C  trap  contained  4.9  cc  of  gas  which,  however,  could  not  be 
completely  recondensed.  After  pumping  off  the  noncondensibles,  2.6  cc 
remained,  which  were  mainly  SiF^,  COFg,  Ng0,  and  some  C-F  compound. 
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Farther  work  i«  contested  to  identify  the  mutable  epeciee,  end  to 
determine  the  beat  eonditiona  for  the  formtion  of  NP^. 

Eaaentially  the  ium  experiment  vaa  done  with  a  50  percent  flnorine- 
nitrogen  nixtnre,  except  that  a  -210  C  trap  vaa  not  alloyed.  No  evidence 
vaa  found  for  the  preaence  of  NgPg  or  NgF^. 
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CONCLUSIONS  AND  FUTURE  WORK 


The  isolation  of  tms-difluorourea  fro*  the  floorination  prodnota  of  area 
has  provided  a  nev  NF  intenaediate  for  farther  research  as  veil  as  aug- 
gested  methods  for  preparing  other  solid  oxidising  species.  As  a  result, 
work  on  the  floorination  of  nitrogen  oompounds  other  than  area  has  been 
intensified. 

The  formation  of  addaets  of  diflaoramine  with  metallic  fluorides  is  of 
intrinsic  interest  in  the  theory  of  acids  and  bases.  The  reaotions  of 
bound  diflaoramine  with  other  materials  may  provide  additional  synthetic 
routes  to  NF  compounds.  The  possibility  of  ionic  reaotions  are  not 
excluded. 

The  preparation  of  NF^  by  direct  combination  of  the  elements  by  electrical 
excitation  suggests  that  an  alternate  process  for  the  preparstion  of  this 
key  intermediate  nay  be  practical.  Work  on  electrical  discharge  reactions 
will  be  continued. 
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